Abstract Wild boars shot during collective hunts, where there are no limitations pertaining to sex and age of the harvested animals, may properly represent the sex and age structure of the population. Thus, the objective of the presented study was to compare sex and age structures evaluated via the results of collective hunts, with those based on direct observations between December 2009 and January 2010, in the large complex of the Bory Dolnośląskie forest (BD) and in the farmland-forest mosaic of the Lasy Śląskie forest (LS). There were no significant differences between the sex and age structures of the population determined via observations and those based on harvests collected in both the BD forest and the LS forest. It was shown that the age and sex structure in the wild boar population assessed purely on the basis of observation was significantly different between the BD forest and the LS forest. The calculated differences in the age and sex structures for the wild boar harvested in the study areas were also significant. It is suggested that the age and sex structure of wild boars harvested in collective hunts should be certified by using data from direct observations of free-rooming wild boar populations.
Introduction
Reproduction and survival of a wild boar population is shaped by the quality and availability of the food supply (Santos et al. 2006; Fruzinski 1992) , hiding and thermal cover (FernandezLlario 2004) , climate (Melis et al. 2006) , weather conditions (Geisser and Reyer 2005) large predators (Nores et al. 2008) , and hunting (Rusakov and Timofeev 1984; Braga et al. 2010; Keuling et al. 2013) . As particular, age classes of wild boars differ in fertility and rates of survival (Gethöffer et al. 2007; Toïgo et al. 2007; Briedermann 2009 ); developing an adaptive harvest strategy of wild boar requires not only a reliable population census but also on knowledge of the age and sex structure of the population (Bieber and Ruf 2005; Servanty et al. 2011) .
The sex ratio and age structure of the wild boar population can be adequately reflected by direct observations of the animals in their habitats, provided that the sampling is well distributed over time and space. This should be the same for animals shot during collective hunts.
For this reason, the presented study attempts to compare the sex and age structure of wild boar populations found on the basis of observations and the results of collective hunts in two different living habitats of these animals. We hypothesized that sex and age structure estimated on the basis of observation and the harvest do not differ significantly in each of the two studied habitats, and that the results of collective hunts and observation data properly represent the differences in sex and age structures between the populations living in the studied habitats.
Study area
The studies were conducted in two lowland forest habitats located in southwestern Poland. Data were collected within a solid forest complex-part of the Bory Dolnośląskie forest (BD) and in the Lasy Śląskie forest (LS)-where small forest complexes predominate, surrounded by farmlands (Table 1 ).
The farmlands adjacent to the BD are small holdings with various types of agricultural production. The landscape of LS is dominated by large farms which focus on intensive cereal crop production. Characteristics of both study areas are given in Table 1 .
Material and methods

Data collection
In both study areas, collective hunts were carried out from October 2009 to January 2010 by various groups, each made up of between 10 and 15 hunters and between 8 and 12 beaters with several dogs. Driving areas ranged from 70 to 100 ha. In the collective wild boar hunts, the hunters were allowed to shoot at any individual sighted, irrespective of their age and sex.
The age of harvested animals (n=357) was determined after assessing the degree of tooth eruption and wear and tear of teeth of the lower jaw (Briedermann 2009 ). Three age classes were considered: piglets-under 12 months old, yearlings-between 12 and 24 months, and adults-over 24 months old.
The observations of free-roaming wild boar were conducted in the same place where collective hunts were carried out.
Data were collected in the mornings and evenings on three consecutive days in each month from October 2008 to January 2009. The observations of animals were completed using 10× 50 binoculars, when walking on linear transects arranged regularly in the study areas, as well as stationary observations made from high seats. During observations, the size of sighted groups of wild boars, as well as single individuals, were recorded. The age of the observed wild boars were determined arbitrarily on the basis of body size and mass. The animals monitored were divided into piglets, yearlings, and adults (see criteria above). Only in adults was the sex distinguished on the basis of the differences in silhouette, proportions of body parts, and the presence of secondary sexual characteristics (males). In the BD forest, 501 wild boars were recorded during 432 man-hours of observations, while in the LS forest, 611 animals were sighted during 144 man-hours of observations.
Data analysis
The results of the observations on the age and sex structure in the free-roaming population of wild boars were taken into account in further calculations, when the observed group of wild boars with the same number and age structure or a single individual of a given sex and age category was sighted only once in a given three-day period in the same observation (Sokal and Rohlf 1995) .
Results and discussion
In the BD forest, the percentage of piglets among observed wild boar (n=436) was 42.7 %, whereas among harvested wild boars, it was 38.6 %. Among the animals harvested, there were higher proportions of yearlings and adult females, whereas the proportion of adult males was lower than that among the observed wild boars (Table 2) . Adult females and males constituted 23.8 % of the sighted wild boars and 27.1 % of the wild boars harvested. In the LS forest, piglets constituted 58.7 % of all wild boars observed (n=477) and 53.4 % of the wild boars harvested. Among the wild boars sighted in this forest, the proportions of the remaining categories of sex and age were higher than the corresponding figures among the wild boars harvested (Table 2) . Adult females and males constituted 18.4 % of the observed animals and 22.5 % of the harvested wild boars.
There was a lack of significant differences between the sex and age structures of the population determined via observations and those based on harvests of collective hunts in both the BD forest (χ 2 =1.4031; p=0.7048) and the LS forest (χ 2 = 2.1602; p=0.5398). It was shown that the age and sex structure in the wild boar populations assessed purely on the basis of observation were significantly different between the BD forest and the LS forest (χ 2 =25.1338; p=0.001). The calculated differences in the age and sex structures for the wild boar harvested in the study areas were also significant (χ 2 =8.2322; p=0.041) ( Table 2) .
Nevertheless, it can be stated that in both of the two study areas, the proportion of piglets observed in free-roaming populations was slightly higher than in the hunting bags, whereas the proportion of yearlings was slightly lower than those among the animals harvested. Perhaps, this is a result of the smaller body size of piglets compared with yearlings and adults, which reduces the probability of them being shot by hunters. It also cannot be excluded that some hunters are only interested in getting trophy specimens and therefore do not shoot any animal, but selectively choose individuals of larger sizes.
Recently, throughout Europe, a dynamic increase in the number of wild boars has been observed (Apollonio et al. 2010) . For this reason, if the proportion of piglets is lower than that of yearlings among animals harvested in collective hunts (Boitani et al. 1995; Massolo and Mazzoni Della Stella 2006) , the age and sex structure of animals harvested does not represent these parameters in free-roaming populations. However, if the results of collective hunts show a higher proportion of piglets than yearlings Moretti 1995; Durio et al. 1995; Braga et al. 2010) , it is very probable that the structure of animals harvested reflects, to various degrees, the proportions of particular categories of sex and age in the free-roaming population; however, the data should still be verified by direct observations. Discussions during the 10th International Symposium on Wild Boar and other Suids demonstrated that there are significant differences in the criteria for permitting the harvest of wild boars based on sex and age categories, and that these norms are often rooted only in long-time traditions (Cellina 2014). Therefore, in some cases, the age and sex structure of bagged wild boars may not necessarily represent the structure of free-roaming population. So, we suggest that the research in various regions of Poland, as well as in other countries of Europe on age and sex structure of wild boar populations should be intensified, and, in parallel with the analysis of bags in collective hunts, observations of free-roaming populations should be continued.
